INTRODUCTION
RFID is a technology that transmits the identity of an object, for example a series of numbers, through wireless radio communication to an electronic reader. As a new technology, RFID can identify, orientate, and trace objects directly and continuously, as well as deliver information at real time. Recently, RFID has become very popular in many service industries, distribution logistics and purchasing, material flow systems, and manufacturing companies [1] [2] .
EPC Network is a set of technologies that enable immediate, automatic identification and sharing of information on items in a supply chain. In that way, EPC Network will make organization more effective by enabling true visibility of information about items in a supply chain [3] .
EPC Network addresses real-world challenges by enabling the automatic dissemination and discovery of real-time, accurate, and on-demand product information for all parts in supply chain.
EPC Network usually uses RFID readers as the sensors. Many applications, such as real-time inventory detection and automated product receiving in supply chain management, require RFID readers to be able to read tags anywhere within a large geographic area. RFID technology has many potential to automate business processes and improve visibility across the supply chain. Therefore, RFID systems have become popular for automated identification in EPC Network applications. Due to the limited range inherent in the reader-to-tag communication, readers must be deployed in high densities over the entire area. Therefore, the deployment of RFID readers is very important.
In this paper, the Particle Swarm Optimization (PSO) algorithm is proposed to optimize the deployment of RFID readers in target tracking problems. The goal of our study is to investigate the performance of PSO for optimization EPC Network that maximizes the tracking precision and minimizes the reader consumption.
The remainder of this paper is organized as follows. In Section II, EPC Network and the target tracking problem are introduced. The theoretical analysis of RFID reader's deployment and the PSO algorithm is given in Section III. In Section IV, we present the simulation results of the optimization algorithm. Finally, Section V provides our conclusions and ideas for further research.
II. TARGET TRACKING IN EPC NETWORK

A. EPC Network
EPC Network consists of three main components: Object Naming Service (ONS), EPC Information Services (EPC IS), and the EPC Discovery Services (EPC DS). ONS is the global directory of EPC Information Services that are publicly available to query for product information. The hosted EPC Discovery Services and EPC Information Services are offered by a variety of vendors. Figure 1 shows the architecture of the EPC Network. 
B. Target Tracking Problem
Target tracking is one of many new research areas that have appeared in supply chain. Wireless Sensor Networks (WSN) plays a key role in mobile target tracking applications. The tracking is concerned with approximating the trajectory of one or more moving objects based on some partial information, usually provided by sensors in WSN. The general application domain of RFID and WSN are different. Most WSN applications have been designed and realized to provide physical environment monitoring, while RFID applications have been applied historically for asset identification in the supply chain.
Challenges and difficulties, however, also exist in a target tracking systems:
Tracking needs collaborative communication and computation among multiple readers. The information generated by a single reader is usually incomplete or inaccurate.
Each reader has very limited processing power. Traditional target tracking methods based on complex signal processing algorithms may not be applicable to the readers.
Each reader has tight budget on energy source. Every node cannot be always active in sensing and data forwarding. Thus, all the network protocols for data processing and tracking should consider the impact of power saving mode in each reader.
C. RFID Readers' deployment in EPC Network
This paper focuses on the optimization of RFID Readers' deployment for target tracking performed by PSO. The goal of our study is to investigate the performance of PSO for optimization of EPC Network that maximizes the tracking precision and minimizes the power consumption. We assume that the initialize position of targets in EPC Network is show in figure 2 . 
III. THEORETICAL ANALYSIS
A. Particle Swarm Optimization
PSO is a stochastic, population-based evolutionary computer algorithm for problem solving. As a kind of swarm intelligence, PSO is based on social-psychological principles and provides insights into social behavior, as well as contributing to engineering applications. The PSO algorithm was first described in 1995 by James Kennedy and Eberhart [6] . The techniques have evolved greatly since then, and the original version of the algorithm is barely recognizable in the current ones.
The PSO formulae define each particle in the Ddimensional space as 1 2 3 ( , , , )
Where i represents the particle number, and d is the dimension. The memory of the previous best position is represented as 1 2 3 ( , , )
, and a velocity along each dimension as 1 2 3 ( , , ) 
Whereϖ is the inertia weight, and 1 c and 2 c are acceleration coefficients.
The role of the inertia weight ϖ is considered to be crucial for the PSO's convergence. The inertia weight is employed to control the impact of the previous history of velocities on the current velocity of each particle. Thus, the parameterϖ regulates the trade-off between global and local exploration ability of the swarm. A large inertia weight facilitates global exploration, while a small one tends to facilitate local exploration, for example fine-tuning the current search area. A suitable value for the inertia weightϖ balances the global and local exploration ability and, consequently, reduces the number of iterations required to locate the optimum solution. Generally, it is better to initially set the inertia to a large value, in order to make better global exploration of the search space, and gradually decrease it to get more refined solutions. Thus, a time-decreasing inertia weight value is used [7] .
PSO shares many similarities with GA. Both algorithms start with a group of a randomly generated population, have fitness values to evaluate the population, update the population, and search for the optimum with random techniques. However, PSO does not have genetic operators like crossover and mutation. Particles update themselves with the internal velocity. They also have memory, which is important to the algorithm [8].
B. Optimization Problem
The goal of optimization is to find RFID Readers for tracking all the targets identified in network objective in a way that optimizes certain metrics. In case of target tracking two metrics should be optimized: the accuracy of target tracking and the power utilization of the EPC Network. 
where i n is number of readers that can see target i . If each target can be seen by the same number of readers( n ), Eq. (3) can be simplified into search space = ( Number of m -multiples)
As we mentioned previously, when performing target tracking we have a multi-objective optimization problem. The fitness function of PSO takes into account both objectives: maximization of the location accuracy and minimization of the network power consumption. The fitness function has the following form: w are weights. The last term is a penalty added for each of the position errors exceeding a predefined threshold. This penalty increases significantly the range of population fitness and thus improves PSO convergence, but solutions that exceed the penalty are still valid.
IV. SIMULATION AND RESULTS
In this section, we use the PSO algorithms to simulate the problem. For the first experiment, the mean best fitness obtained with error bars describing the standard deviation of individual results from the mean are shown in figure 3. 
V. CONCLUSION
In this paper, we use the PSO Algorithm to solve the optimization problem of RFID readers' deployment in EPC Network for target tracking problems. Compared with GA, PSO is easy to implement, has few parameters to adjust, and requires only primitive mathematical operators, computationally inexpensive in terms of both memory requirements and speed while comprehensible. The simulation results show that the PSO algorithm maximizes the tracking precision and minimizes the reader consumption. Our future work will focus on the application of this Algorithm in supplychain.
